We present results on time-dependent CP asymmetries in neutral B decays. The measurements use a data sample of about 88 million Υ (4S) → BB decays collected between 1999 and 2002 with the BABAR detector at the PEP-II asymmetric-energy B Factory at SLAC. We study events in which one neutral B meson is fully reconstructed in a final state and the other B meson is determined to be either a B 0 or B 0 from its decay products. Final
Introduction
Measurements 1-6 of time dependent decay rates in Υ (4S) → B 0 B 0 decays have been performed using the BABAR 7 detector. CP violating asymmetries arise from the interference of multiple decay amplitudes and have a variety of possible experimental signatures. In the case described here, the decay rates for B 0 and B 0 (at t = 0) mesons to a common final state f have a different time dependence
In Υ (4S) 
that describes the coupling for charged weak transitions q → W * + q (∝ V *). The orthogonality of the first and third columns
gives the "Unitarity Triangle" shown in Figure 1 , and defines the angles α, β, and γ. Together with other measurements 9 (such as k , |V ub |, |V cb |, ∆m d , and ∆m s ), measurements of CP violating asymmetries over-constrain the Unitarity Triangle, and thus are a test of the Standard Model. Unlike other constraints, the measurement of sin2β using b → ccs charmonium-containing modes discussed here is essentially free of theoretical uncertainties. B 0 B 0 pairs are produced in a coherent L = 1 state at the Υ (4S). Thus, the decay distribution for B → f , where f is a CP eigenstate, depends on ∆t, the difference between the decay time of the B that decays to f (B CP ) and the other B in the event (B tag ).
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XXX SLAC Summer Institute (SSI2002), Stanford, CA, 5-16 August, 2002 Fig. 1. The normalized Unitarity Triangle determined from the orthogonality of the first and third columns of the CKM matrix.
The proper-time distribution of B meson decays to a CP eigenstate with a B 0 or B 0 tag can be expressed in terms of a complex parameter λ that depends on both the B 0 -B 0 oscillation amplitude and the amplitudes describing B 0 and B 0 decays to this final state. 10 The decay rate f + (f − ) when the tagging meson is a B 0 (B 0 ) is given by f ± ( ∆t) = e −|∆t|/τ B 0
where S f = 2 Im λ 1 + |λ| 2 ,
∆t = t rec − t tag is the difference between the proper decay times of the reconstructed B meson (B CP ) and the tagging B meson (B tag ), τ B 0 is the B 0 lifetime, and ∆m d
is the B 0 -B 0 oscillation frequency. The sine term in Eq. 4 is due to the interference between direct decay and decay after flavor change, and the cosine term is due to the interference between two or more decay amplitudes with different weak and strong phases. CP violation can be observed as a difference between the ∆t distributions of B 0 -and B 0 -tagged events or as an asymmetry with respect to ∆t = 0 for either flavor tag.
The ∆t asymmetry is
The time integrated asymmetry is non-zero if C f = 0. 
Data sample
The analysis described here use a data sample of approximately 88 million B 0 B 0 decays, corresponding to 81 fb −1 . An additional 9.6 fb −1 taken around 40 MeV below the Υ (4S) resonace ("off-resonance" sample) is used to study e + e − →("continuum")
backgrounds that are important in several of the analysis described here.
Analysis procedure
The decay channels described in this note share many common analysis features. In each case, one of the two B decays B CP is fully reconstructed, while the other B tag is inclusively reconstructed to determine ("tag") the flavor of B CP at ∆t = 0. Due primarily to limitations of the B tag reconstruction, Eq. 4 must be modified for experimental effects.
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where w is the mistag probability and R is the vertex resolution function. As described in the following sections, to fully exploit the available information in each event, these parameters are determined event-by-event.
As both w and R are dominated by properties of the B tag , they are common to the B CP channels described here. Instead of relying on a Monte Carlo simulation, we use a large flavor eigenstate sample B flav to determine these parameters from the data. As with the B CP samples, the other B decay is inclusively reconstructed to determine the ∆t and flavor tag of the event. The expected ∆t distribution of these events is
for unmixed (B 0 B 0 ) and mixed (B 0 B 0 or B 0 B 0 ) events.
The B flav sample
The B flav sample is approximately 10 times the size of the largest B CP sample and con-
final states. Aside from D, D * , and J/ψ mass requirements, signal events are separated from background using energy and momentum constraints on the reconstructed B flav candidate. Working at the Υ (4S), the substitution of the measured energy by the beam energy reduces the resolution of these kinematic variables substantially.
Energy conservation can be expressed as:
where E * B is the single beam energy in center-of-mass reference frame. (E * B , p * B ) is the four momentum of the candidate B meson measured in the center-of-mass frame. ∆E is near 0 for correctly reconstructed B candidates, with a resolution which depends on the reconstructed channel and is typically 15 − 50 MeV. Momentum conservation is expressed as the beam-energy substituted mass m ES , which is defined as: The m ES distribution of the B flav sample is shown in Figure 2 . 
B flavor tagging
We use multivariate algorithms to identify signatures of B decays that determine the flavor of B tag . Primary leptons from semileptonic B decays are selected from identified electrons and muons as well as isolated energetic tracks. We use the charges of identified kaon candidates to define a kaon tag. Soft pions from D * + decays are selected on the basis of their momentum and direction with respect to the thrust axis of B tag . A neural network, which combines the outputs of these physics-based algorithms, takes into account correlations between different sources of flavor information and provides an estimate of the mistag probability for each event.
By using the outputs of the process-based algorithms and the estimated mistag probability, each event is assigned to one of four hierarchical, mutually exclusive tagging categories. The Lepton category contains events with an identified lepton, and a supporting kaon tag if present. Events with a kaon candidate and soft pion with opposite charge and similar flight direction are assigned to the Kaon I category. Events with only a kaon tag are assigned to the Kaon I or Kaon II category depending on the estimated mistag probability. The Kaon II category also contains the remaining events with a soft pion. All other events are assigned to the Inclusive category or excluded from further analysis based on the estimated mistag probability. The tagging efficiencies ε i for the four tagging categories are measured from data and summarized in Table 1 . The figure of merit for tagging is the effective tagging efficiency Q ≡ i ε i (1 − 2w i ) 2 . This algorithm improves Q by about 7% (relative) over our previous algorithm. 
Vertex reconstruction
The decay time difference ∆t is determined from the distance between the decay points of B CP and B tag . As B mesons are produced nearly at rest in the Υ (4S) rest frame, the Υ (4S) must be produced with a boost (conventionally along the z axis) so that ∆z ≡ z CP − z tag ≈ βγc∆t can be measured. z CP is the vertex position of B CP .
z tag is determined from an iterative algorithm using the remaining tracks in the event after the B CP has been reconstructed. Constraints from the beam spot location and the B rec momentum are used, and large contributors to the vertex χ 2 are dropped to reduce the bias from charm decay. The determination of z tag dominates the resolution of ∆z. The fraction of events with a B CP candidate where ∆z can be determined is approximately 95%. We parametrize the experimental resolution function as the sum of three Gaussians. Two of these are a function of the determined event-by-event error and the third is an outlier contribution of fixed width (8 ps). In the unbinned maximum likelihood fit described below, the core Gaussian is determined to contain 89% of the events with a scale factor of 1.10 ± 0.05 with respect to the event-by-event error.
In the Standard Model, λ = η f e −2iβ for charmonium-containing b → ccs decays, where η f is the CP eigenvalue of the final state f . Thus, S f = −η f sin2β and C f = 0, and the time-dependent CP asymmetry is
with
Due to the presence of even (L=0, 2) and odd (L=1) orbital angular momenta in the B → J/ψ K * 0 final state, there can be CP -even and CP -odd contributions to the decay rate. When the angular information in the decay is ignored, the measured CP asymmetry in J/ψ K * 0 is reduced by a factor 1 − 2R ⊥ , where R ⊥ is the fraction of the L=1 component. We have measured R ⊥ = (16.0 ± 3.5)%, 11 which gives η f = 0.65 ± 0.07 after acceptance corrections in the J/ψ K * 0 mode. we report a more precise measurement of sin2β using the full sample of about 88 million BB decays.
The measurement technique is described in detail elsewhere. 14 We reconstruct a sample of neutral B mesons (B CP ) decaying to the final states J/ψ K
The J/ψ and ψ(2S) mesons are reconstructed through their decays to e + e − and µ + µ − ; the ψ(2S) is also reconstructed through its decay to J/ψ π + π − . We reconstruct χ c1 mesons in the decay mode J/ψ γ and Figure 4 shows the m ES distribution (all modes except for
for events that satisfy the tagging and vertexing requirements. In total, there are 2641 in the signal region. The purity for the all modes Table 2 . We determine sin2β with a simultaneous unbinned maximum likelihood fit to the ∆t distributions of the tagged B CP and B flav samples. There are 34 free parameters in the fit: sin2β (1), the average mistag fractions w and the differences ∆w between B 0 and B 0 mistag fractions for each tagging category (8) , parameters for the signal ∆t resolution (8), and parameters for background time dependence (6), ∆t resolution (3), and mistag fractions (8) . We fix τ B 0 = 1.542 ps and ∆m d = 0.489 ps −1 . 17 See Fig. 5 .
The fit to the B CP and B flav samples yields
The dominant sources of systematic error are the uncertainties in the level, composition, and CP asymmetry of the background in the selected CP events (0.023), the assumed parameterization of the ∆t resolution function (0.017), due in part to residual uncertainties in the internal alignment of the vertex detector, and possible differences between the B flav and B CP mistag fractions (0.012). Most systematic errors are determined with data and will continue to decrease with additional statistics.
The large B CP sample allows a number of consistency checks, including separation of the data by decay mode, tagging category, and B tag flavor. The results of fits to these η f = −1 subsamples are shown in Table 2 Finally, we also measure the parameter |λ| in Eq. 4 from a fit to the η f = −1 sample, which has high purity and requires minimal assumptions on the effect of backgrounds.
This parameter is sensitive to the difference in the number of B 0 -and B 0 -tagged events.
In order to account for differences in reconstruction and tagging efficiencies for B Sample N tag P (%) sin2β
Full CP sample 2641 78 0.74 ± 0.07 
due to the smaller branching fraction and larger expected backgrounds.
If an event contains both a D * + and a D * − candidate, each is subjected to a mass constraint fit, and then combined to form a B candidate. The ∆E of the B 0 candidate is required to be less than 25 MeV. The resulting m ES distribution is shown in Fig. 6 .
We find 102 tagging signal candidates with a purity of approximately 82%.
A one-dimensional angular analysis is used to determine the fraction, R ⊥ , of the given the sin2β measurement in Eq. 12. The remaining CP parameters describe the CP even contribution, which we measure to be |λ + | = 0.98 ± 0.25 ± 0.09
where the errors are statistical and systematic, respectively. This measurement is approx- The CP violating parameters are measured using an unbinned maximum likelihood fit including the ∆t, m ES , and ∆E variables to fully discriminate signal from the backgrounds. The probability density functions are taken from data whenever possible, We measure
where the systematic errors dominated by the determination of the PDF parameters.
6 CP asymmetry measurement in B Comparison of the value of sin2β obtained from these modes with that from charmonium modes probes for new physics participating in penguin loops. 23, 24 The predicted deviation of sin2β for the φK 0 mode in the Standard Model is smaller than 4%.
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The decay of neutral B mesons to the η f = −1 final state φK 0 has been observed by BABAR in a sample of about 45 million B mesons with a branching fraction of
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We fully reconstruct B meson candidates (B CP ) in the decay mode φK
Monte Carlo simulation demonstrates that contamination from other B decays is negligible. However, charmless hadronic modes suffer from backgrounds due to random combinations of tracks produced inqq continuum events. The distinguishing feature of such backgrounds is their characteristic event shape resulting from the two-jet production mechanism.
As with the B 0 → J/ψ π 0 analysis, an unbinned maximum likelihood fit is performed using ∆t, as well as variables that distinguish signal from the continuum backgrounds. These include m ES , ∆E, and a Fisher discriminant (F). Figure 10 shows the m ES distribution enhanced in signal using a cut on the likelihood for each event. In this region, we observe 66 signal candidates with a purity of approximately 50%.
We measure sin2β = −0.19
where the errors are statistical and systematic.
CP asymmetry measurement in
The time-dependent CP -violating asymmetry in the decay B 0 → π + π − is related to the angle α, and ratios of branching fractions for various ππ and Kπ decay modes are sensitive to the angle γ. Here we present results for the CP -violating asymmetries in
More details on the analysis technique are given elsewhere.
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We reconstruct a sample of neutral B mesons (B rec ) decaying to the
XXX SLAC Summer Institute (SSI2002), Stanford, CA, 5-16 August, 2002 t (ps) ∆ where h and h refer to π or K. Signal yields are determined with a maximum likelihood fit including kinematic, topological, and particle identification information. The fitted signal yields are 157 ± 19 ± 7 for B 0 → π + π − and 589 ± 30 ± 17 for
In addition we determine A K + π − = −0.102 ± 0.050 ± 0.016.
The parameters S ππ and C ππ are determined from a second fit including tagging and ∆t information, where the B flav sample is included to determine the signal parameters describing tagging information and the ∆t resolution function. A total of 76 parameters are varied in the fit, including the values of S ππ and C ππ (2); signal and background yields (5); Kπ charge asymmetries (2); signal and background tagging efficiencies (16) and efficiency asymmetries (16); signal mistag fraction and mistag fraction differences The decay rate distributions can be written as
where ∆S and ∆C are insensitive to CP violation.
An unbinned maximum likelihood fit is used to distinguish B → ρh signal events from background as well as ρπ events from ρK events. In addition to ∆t, the variables m ES , ∆E and the output of a neural network algorithm discriminate signal from background, while the Cherenkov angle and, to a lesser extent, ∆E constrain the relative amount of B → ρπ and B → ρK.
We measure 
Conclusion
We have presented results on a number of time-dependent CP asymmetries in neutral B decays using a data sample of approximately 88 million BB pairs collected by the BABAR detector. Our measurement of sin2β using B 0 → (cc)K The dotted line is the contribution from B-related backgrounds and the dashed line is the total B and continuum background contribution. The depression around zero in the asymmetry plot is due to continuum dilution. In the absence of continuum background, the asymmetry curve would be flat and equal to A ρπ CP defined in Eq. 17.
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